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T^is-r^o as*^LT^e 1 1 immzimL 
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5*t#5Cfc*^ 5 (@i ( e ) ) 0 

io [0029]®^, m^zmii&*mmi<om>£ 
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[0 0 3 0] *«lOJ«ttCJ:*»acWi» jgtRfiKSfC 

hf±fi)cgji*^fficDEJ:t>)H,-'/cit)fc^nSo 7 
7-b>y h(Qffigt£<}:t>&fitt><77-t:y hiC^oTii 
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[0 0 3 5] »2©SaS<WBttW4, 01 (a) ^6 
(e) Oft«ia*||»)jgrj:i:fcJ:0»«l/feI I I 

tfTfS. 

[0 0 3 6] m 1 ©£ffi©7B®fcS<Wi£2©3SSi©J& 

i$.m-%m&fcmhT°ibK>. a i 2 o 3 . si, si 

C, Mg A 1 2 04, LiGaOz . ZnO^©Sl£ 
^©, GaN, GaAIN, InGaN, I n N, Ga 
A sXttG a P«© I I I -VMteM*m*<Df$mc 

mmvz s c 

[0 0 3 7] $fc01$5Wi05T*ttSffilC^£D2W) 

tmtmmtcvxt Ltcmzm *k i 

l*ffifc***X**fc#l,THl (b) ~ (e) &S 
W4H5 (b) ~ (d) ©T'n-teXfcfroTfcWUftJft 



[0 0 3 8] « 6fc**»©»ttrtt^X^ 1 4 1 LT 

«BajWRn*t»oif*nar % j*sim©jHttty@&i& 

[0039] (& 3 ©&ffi©JBtf) 3 

I I I-VMfcl^N^©xt?**^;l,$g;£Ga 
10 m¥mW<Df$.mr:%m U G a N3M3*ttK&Bjfrr S 

fc©-?;&s„ 

[0040] ®3<oiysojB^«, &i©nss©jgf&& 

[004 1] «i;o6lC, G a NIS¥3|{*t^!i«a^ 
ffih^X-y hx-y*:x^fcffl^T»K±©J8g®«* 

sjffi-rsvx^fcj&s-rs. 

20 [0 0 4 2] ^ICfiKg^K^bG a Nm¥t£#©xt; 
**->+;l//£g£fTdo fiS^SCjSftTSG a N3£¥ 

^©^^s^aa. 1 1 \ (g 
a) t«<bi<& (hc i) (o^&jmwhzmtw) 

(Ga C I) tVfi^^lCTy^T (NH 3 ) # 

xttm^zmftMffl&s&czzfmim (vpe: v apo 

r Phase Epitaxy ) T?&S/M' KV P Eft 

S (MOCVD : Metal Organic Vapor PhaseEpitax 
y) ^ffifS. j£gS*« 6 5 0 °Cfrt> 110 0 "CT'fr 

30 v\ vwymommtt 1 1 1 wmm>mmcictLm 

m><b 20000 ote*imttiii&\<\ 

[0 0 4 3] G a N&¥i^/I©Xfc?**5/-v;H£g 

«, g i <nw&<mmtmm^ g a n^nw**^w 

epgT*«VX^±EfiES-a-ffigS^l|?©*T'*g B B B ^«^ 
i8c t), ^cSffi«±<DG a NIP|£«f*«»ctt»K©®^ 

[0 0 4 4] xtT^*->^;WS^tS fc. GaN^ 

-yMffistswrrso seicxe^^^^^s*^ 

St, GaN3MN»tt«:J:07r-fevh«BBj5«liWi* 
^fSCfc^T-tSo 

[0 0 4 5] G a N«/W*£S«Dtf®tfffl»&fcik 

«e«cog a K%mm<»m&jmT'\twsLt trv-yr 
s i cwsm*m,^T*td)\ ox^ws. 

So C<DfcJ6GaN^i|i«{!t:(Dxtf^+^+;l/jSS^ : f 
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[0 0 4 6] 3f*»«ia5xi;^*->tMfi73 

[004 7] Lfctf oTG a N?M30ftt}ftl&Btt7 
r-b-y KDj«Sfc fcfeC«©|Rllcft»f 5tu G a NSR¥ 

[0 0 4 8] ccD.fcdlcS&iitcTXi'tciO^fitHi: 
¥tg#li*j£gf S C tX\ G a N^S!^^^ 

[0 0 4 9] <*5K, m3<0*Sfi©^T*t#P.n-5G a 
N?i^Mt«II&*f?TM<0JP2 C««LTfr 6«S 

(#7T"(7W6m fc^X* 1 G a NR¥33#<D-g|3 
£ISfc£f SCfcT?, SSSfcRao^&^G a N£¥£#ffit 

¥»ft«±C G a N3S¥^{*^?^ftlS-r 5 C£T\ G 

[0 0 5 0] SfcG a NJ&mtm?WG a N&¥li# 

tcG a N^¥^{*^t^?tc*5lt5SffigS^OW^ 

[0 0 5 1 ] SStCG a N)£NefttlftlR?tfG a 
Wftb-^O^tt, G a NJR¥«M(£:^«inWII 

[0 0 5 2] fcfc, m3<D$m<m&\Cl3ifZ>G a N£ 

wptiibt?**. 

[0 0 5 3] &3<D$m<mm<DWlWXt,t. G a 

**«Lfc»c, kg a ujf#mamcvx9*m, 

[00 5 4] «5.fC*^5fi«^cfflt,->5VX^i:LT 



©fcWcfett* G a N^iW{*)li: LXlt G a N, A 1 
G a N, I n G a MKM&lf StUStf G a NflWtff* 
U\, 

[0 0 5 5] *fcGaNJMWW**yfcl/Ctt, GaN 
3R¥*W*U-1f l PG a N^L E DHOG a N£¥#i*£l 
^^OftfilC F E T^H B T frifOr/WXtcfeSifflRl 

[0056] (MKommmm *mwm4o&m 

io [0 0 5 7] Sg4<0*SS?)J$£«, G a N&¥3H*£|ft 
**RU *-6KCOGaN3R*S«*)l«U:lcGaNjR 

[0058] mA<mm<mmx'\tG a N^^^mjt 

OGa N?f^»#fg?fc LTGa N$¥$tt%%S?« 

[0 0 5 9] ttWMC, SSSEEJCVX^SMU 7 
* hU V^7-fH£fc>>x? hx^f-y^fX'^^t 
20 jSOfflWcftlirs. SfiKtt, GaNS^NW*f:^K 
3M»'»MS7JaROIia*«S««±K:G a N&¥£<* 

[0060] -7x^sc;^«ffl«<o^t i/ctt, m 1 

£77-fe? htftHSTf SigKiTSo 
[006 1] $£Ofi0Mlcttl'G a N5MWW*0x£ 
#*^/l/J«ft«ff3. G a NXH^ftartS&tt* I 

i iflaBRK^f'jfix (Ga) tmt^m. (HC 1) CD 
fcfc&mx&zmtm 7 a (Gacn tvsai^ 

30 £7^x7 (NHa ) jJfXfcffll^vf F?* FVP 
E L^*\ «tt&Sfc¥$CfIffi5& (MOVP 

E) *fflV»Tt*V>. 

[0 0 6 2] G a N3^N^©xtf**->-wV/£l«, 
£ 1 O&K<0JBag£filtKlc, g a NX*H0fttfUUM 
T*ttvX^±Kfigg-B-rfigM^O*'T-*S B |fi!cfiA^C 
!>. J«ft«i^©GaN3M^Ktt^<Dffi£ffifctt 
g£Sffi7?{S<077-fe-y hffimtmi$.ZftZ>o 

[0 0 6 3] xtT**S/-lr;I/«fi«a»t5t, GaNl 

5. *LTI^?-Sl#gSi#OGaN^t^li©77 
■fey hMafcJtttrs. S6texe**s/+>i/jd«*« 
»*fc» GaN*¥SW*fcJ:?>77-fey MPBebWUftii 
*tU «RWK«, ¥a4affi*#r*GaN3R*SW*: 

[0 0 6 4] &ICG a NS^I^*M±tCG a N^^<* 

mmTm^mmzvmtZo GaN^w^*^ 

figUfc^, G a NS¥$^J^rt£tlfe^£MO C 
VDgBfc't^hU RJf^cOrag, ^XSSffi. V/l I 
so. !JtT% niGaNE n^A I G a N^7-y hJf. n 
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SG a Ntttf-Y FMx 7> F~7* 1 n G a N«^#p/1 
1 7 y F-7 I n G a N|ggl*^&S£fi»P#F#| 
5iSttS> pSAlGaNJl, pSG aNft#-f Fif, 
piAlGaN^-yHi, pgJG a Nriy*^ Hf £ 

Co o 6 5] me v- *f-fflmm®.Lrzwm:mm 

Sgfc-fe v hum S i 0 2 ^X^, *5<fctf G a NX 

¥swn<o-g^sf^uTG a mmffimzmmink 

5. 8tti0fcGaN?i^(*§l<D®, T&fr^G a 

CO 0 6 6] Sg4©5&*©»ffiC<fc D#T©»*iWI& 

CO 0 6 7] Si l o*6S©jgffi<oxe^*^+;WST' 
?#&nftG a N^WWftJiKG a N£¥*ftft?«BB 

SxfcT ^*^^;l/fig«i£0^ B tt*%«T*t, G a NX 

CO 0 6 8] *6CGaNlM|s»«*WGaNIR¥39 

t8fc©4:3(cF^xy^y^«$t 
ftfW!XBT?*«*G a NS¥#ftfll0^iagOT« 

CO 0 6 9] tfcG a N*¥Wt&ftjR7tfG a N5&¥ 

tHK £ 0 G a N?S¥#(*U-mi<0««S57-ii 
£flMT't5<, CWc&fi^OK^X-y^y^Cj; 

CO 0 7 0] SI4«DiaS<D}B^{i±i2©SK3»cfS 

co o 7 1 ] mm. g a Nm*mm<D*z 

co 07 2] zzicg aNm*®#m±.\,cG am*m 
rct>\ g a m*mmmmicwR> vx^ t g a n 

3R*WI*ilO-9«lli5SLftatG a NX^gftfg?© 

CO 0 7 3] £*5, GaN|^»6li, VX* 
*Hi£Lfc0y«WIIIL;fcjft G a Nj&mm±£.m, 

T-i&tl(4\ Sfc VX^O^^frto-f, G a N^NS 

co o 7 4] s $ic*2m<Mmcm^&-?z*t. lt 
tig i ©£ffi<Dj&®;&.sw4!g 2(D$mmmtw\®% 



cD»«(Cfc(7SGaN?i^#®i:LT(4GaN, Al 
G a N, I n G a Nil *W£tt£*<G a NtfSfe#S: 
U\> 

CO 0 7 5] ffcGa Nl&Pmm?t LTl*. G a N 
X^^l^-^G aNlLE Dm<DG a N^^i*^ 
)t^?<Dffl{C F E T-S-H B TftiTOx/VrxCfeigfflRl 

C0076] 

CO 0 7 7 ] (M 1 OftttRD *SH*D*SIWC-3V^ 

T, (0 0 0 1) 3i'9"77-l'7 (A 1 2 Oa )g£l 
1±(C1 /imea©IS®(DGaNffil 2£&&frW&JB 
jSLfcSfgfcfflV^Co COGaNUl 2g®(CS 1 O2 

^7T*VX?1 4fcfi)tgfiigtl 3K^»tfe. 
$1 SfcitfVX^l 4(4. ; en^n5fimfe < fcO*2/x 
mtD^DXh^T^T'SSo Xh^72T|fO(4<l 1 
20 -2 0>^(pJi:Lfc ( (01 (a) ) . 

CO 0 7 8] I 3(C$fif 3G a 1 5(4> 

1 1 iwMBMc^ufA (g a) tmt>m (HC 1) 

OEB£rt^ft«tt<bir!J9A (GaC 1) tVfflSH 
WKT^xT (N Ha ) *X*fflV»*/vf F 
V P EffifcfflVfc. 2£ 1 1 *>vr F^l* F<Dfi25SMI 
(c-fe-y I- U Tk^UHMT'figSiae 1 0 0 OtXffiBT 
5. fi£SS£)tA£J£LTfrS, HC 1 Jfiffl£2 Occ/ 
»#THJ«&U N Haiti 1 0 0 0 c c 5 KM 

&m&t%ctT\ ^.mmmi 3(cg 3 n^i 50 u 

30 -10 1) I«K7 7t7 h«it*figg*-arfc m 

1 (b) ) „ s&K, 2 o^iaasxe^+e/Y^fi 

vx^l 4?rS9ST-7r-b-y h^Jgl 6^51 
*S«ft (01 (c) ) . 

CO 0 7 9] x.\Z2*i'*;Ui(,%%Wf5Ctte&t)7 
7*y h*B6**Mi* (01 (d) ) , mtfWHt. 

5 ^^©jkst- 2 o o ii mas<waa«ffl**i-s G 

aN«*«««*fe (01 (e))„GaNl! 5*^ 

* [0 0 8 0] m 1 ©SWP{4fi?S««**M1-SSR 
figged ilg*^ {1-10 1} IHft«77t7 

hjWin«Wtt, S«fcSltK#tJPTVfclEffi*% 77 
CO 0 8 1 ] *^(C«k 0«ftLA«A«Rmic|IK<« 

77-t-y Kofflsre, si73(pi(cft(f 

ofco Ctl(c4:D. xtf^+$/^;MgrtO^RIOfiMA' 
so fte>tlSo 
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[0 0 8 2] £ 1 i^SSSWlC *oT**«ftftG a 
1 V7747W&X 1 

ig^n/io Lfrfe. »K«S*fTofcGaN«fc:«, * 

mmmicp* < , -^Bftaa io 6 cm 2 

CO 0 8 3] **JWII^«fiLftG a NHttHtttifflr 
fc*ft< % C<D±£U— FET\ fc«fctfHBT4H 

[0 0 8 4] ?&Jcif7r^7S«l l«BFWlcJ:o 
Sci:iT*tSo 

[0 0 8 5] $ 1 G a NJSflxe**^ 

^U/fcl^vf F^f F V P E»*ffll/^T»fi8Lfe*\ 
#B^fb£««ffiJfigft (MOCVD) fcflftvcfcH 

*ft««*MS6n*o sfcA 12 oa m&\ mmvtt 

i)\ S i Sfi, Z n OSffi, S i CS«, LiGaOz 

ml MgAi 2 o 4 mmttm^rmmmm 

tmZftZo ££fcA I 2 Oa S461 l±tcGaNBI 
1 2**6frUWB*bft*, Sftl i±£Hgr?X£ 

[0 0 8 6] SftV^l 4fc-LTS 1O2 *fflV^fe 
4J»«A^5n* 0 ^6(CXh7^^<l l-20> 

sb^irk i - i oo>t*&<£<. cneo^ift*^ 
n^ns&So 

[0 0 8 7] £fcG a NOXtf^+^^/l/JSE^tCOV^T 
I n G a NM, A 1 G a NK, I n N)», G 
a PRfcSWiG a A sK*xt£**$/*;l/fi)JftLTfc 
ITO:3ft«*«8&n*. SSfcriWrSI I I-VMfc 

[008 8] (£2 <D$tt0jD *Sffl<?)£ 2 OgSWyiC 

ov>r. *ioiai»yfcrai;<Hi*#BHtT8W8-r 

So 

[0089] £20Mre& £&£LT* (000 
1) SS i CSSl l±fc 1 |imig«^A I o.i 
Gao.9 NISI 2**6^i;«)JgiffitfeJSS*fflV^ 
fto COAlai Gao.9 Nil 1 2SffitC S i 0 2 

>9VVZ9 1 4 3fc$»Ufc. AftH* 

1 3. *5<J:tfvX^l 414. ^ft€ft2/inu *5«ktf 1 
0/imOilOXh^7^TfeSo 7,h7^^fpJ(i< 
1-1 0 0>*fci:Lfe ( (01 (a) ) o 



[0090] jftfiHgl 3fcjafiT*GaN»ll 5«, 
I I IfflmKXVVl* (Ga) fctftft** (HC 1) 

oastrtfftTftswbffy^^ (Gac 1) fcvaw 

RteTytxJ (NH 3 ) #X*fli^S>vf F5^F 
VPE££fflWc 0 S£l l*^vrK5-f KOfigg^B 

K'by b u 7km%m%x*mm&& 1000 vic^m? 

S 0 J«fflaSA^SLT*>6. HC l«20cc/ 

mftvm&L. NH 3 «ta2oooc c/«#t*5#s 

m&?ZCtT\ tiffiSSMl 3£GaNKl 5<D {1 
10 -101} BS*6a«7r-feyHfB6ft«ft*-&fe (0 
1 (b) ) 0 

[0 0 9 1] 2 0#WBSxtf **->*;l/*Sg 

VX^l 4£ffl-3$-CGaN<D77-fey M*5B 
1 5«BK?*fe (01 (c) ) o 
[0 0 9 2] xe»^ir/U/ftSCWt«Cfcl£:j:t)7 
r*yh«fifi«lft5i» (01 (d) ) , «Kft£tt« 
5 fSBSO/SgT- 2 0 0 n mgfiO¥tB&^ffi*#r 3 G 
aNIR«Rffl$«fc (01 (e) ) 0 GaNll 5<DB 

im. nh 3 *x*«isLa^6«aaT»«L, $ 

[0 0 9 3] »2^BKWfc:g:oTJR««tifcGaNBI 

1 s\at, s i csfii 1 t<D&¥im j Ptmm&tf 

Stlfeo Ufrfe. fflftSS*fToftGaNai*ctt. 
tf*«f>&<*RMBSttl 0 6 cm 2 S*^*o 

/Co 

[0 0 9 4] **8W(T«*UftG a NHttddB*9ftt 
fc**<, C£Lb£U--1f, FET\ fccfct/HBT&cf 

30 ttftiflLh***ci:}WniBk«. 

[0095] sics«iiaoa^Ti 

SfSChT\ GaNll 5*«Bfc|fM:LT«V^*'c 
C0 0 9 6] W20*SI«rett, GaNi©xW^> 

■^/i/jsesK/w K5>r fv p ES*«ovoftaufcjft 

«tt^fc£ttattlJ&5& (MOCVD) *ffl^Tfe|5| 

«afl*3W»&ns. sfc^fe*«iTtt. s i c»tgi 

l*fflt^ft^ SiS« N ZnOSfi, AI2 OsS 
«S«s L i G a O2 Sffi, M g A 1 2 0 4 S«3? 

l±KHWOGaN«ll 2**6frU«)JB«Lft*\ S 

[0 0 9 7] *ftWl 4tbTS i O2 
««cntelH6tl*«)OTftta:<, SiNx ^Ol&i^ 
IST*fcck1/\, COSMWJWTX* 1 4^iB^l 0/im 

>*i*ic»j*ufc3ft 7r*yh«fB**ntitf, cn 

i:Si!0^ip]< 1 - 1 2 0>Tfe«t<, CftBoSfli* 

50 tbmwcmT'&^Thm&tftmvmicj:*), i&m 
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^ti^ng&So 

coo98] sftse-KSSi i±oKttTA lias 

0. 1 OA 1 G a NfcfflVrfciV C©fflfig«ffit©f>© 
CtDKfcbT^OflfitA 1 N, InGaN&i! 

fcjB^TtratiaawfcWSft*. ?e»tcGaNoxi; 

^i/^)^W^O^XW<td3\ InGaNE Al 
GaNl. InNl, GaPlSSWiGaAsifel 

fif* I I I -V«Ht^CW*©»tabTfcP8»a: 

[0099] (^3 <D$mm $#smm 3 ©m wj k 
ov^t, H2%#sHi/mwrrs. 

[0 10 0] £3 4>£ftKBr?& Sffi^LT, ( 1 1 
l)S©MgAl 2 04 S«2 l^rffl^fc, fl©S& 
2 1 Affile S i 02 . R2 7* HJV?5 

7w-j£i:7x-y hX-y^y^TTrX* 2 3 tfiScfi^ 
2 2K#$Lfe, fiKSfl«2 2, fc.fctfvX* 2 3tt. 
^-tl^n 4 ii nu ft £ 3 (i m0M<DX h 5-f Ttfrfc 
So Xh5^^7?[R]«<l l-2 0>7?(Rli:tfc ( (0 

2 (a) ) o 

[0 10 1] G a NROfiEStis ^X*2 3±££|&ii 
©G a NftWafcOTJT *©£>iL;fc/vi' KV P 
ESfcffl^fco t©¥j£T?«\ I i iaawnc^uf A 

(Ga) fcfflfbkfg (HC 1) <DEJS£i8ttr?*«ttfi: 
tfU-yA (GaC 1) fcs V&jM&KTVtxT (NH 

3 ) #X£ffiV>S„ 

[0 10 2] Sf , MS2 1 %f&&mK*-y h U 7j< 

mi3*.*m&hVs;tft> i o o oicmg©ii5raTMaL 

fc&, 5 0 QVimi&Sit, HCljfiS£0. 5cc/ 
«»T*«I&U NHa fflkl 000c c/«J#T'5# 
gg^fS C fc T\ &Jlj££^t$ 2 3 2 0 n m© 
K£©GaN^'y77«2 4&J&8f* (02 

(b) ) o 

[0 10 3] CO«MT% NHa tfXfctHsl&L&tfe. 1 
OOCCtC^g-T-So J«giS£*<£5£LT*^ HC 1 
ffil%2 0cc/S»^U NH 3 MA1500 
c c /ft#T* 5 TJ^amf 5 E fc T\ J8MW 2 2 © 
G aN^-y7r-J12 4±tCG aN© (1-10 1) ffi 
*»6**7rHryH«a2 5*l«a«*te (02 

(c) ) „ 

[0 10 4] Hf^*S/+;I/**W»J, ?X 

* 2 3 £8? 5 $T'G a N$ 2 5 ©7 7 -b >y HSjfifcfBS 

it, afcWKtt, 5^K©fiEST-2 0 0/tmS*©¥tS 

&*®**-rs g a nr 2 5 m&imrc w 2 

(d) )o GaN$t2 5©?&£&. NHs #X£0tJS 
[0 10 5] S3©*jMlcj:oT«lSSnJfcG aNl 



2 5 lea, Mg A 1 2 0 4 Sffi2 1 

C tmmZtlfc Lfrfcs ^^gS«:ffofcGaN« 
Ett, *fi3tf#£E'>&<, 10 6 cm* gfiT'&o 

fco 

[0106] xmmxi&mvrcG a NMtt*Nw&tt 

C©±El/~ »f % FET, fc-fct/HBT&H 

©sas&x7Wx«ji«figs-rsj:fcT\ t^wxis 

ttfcl^StfScfca^&tfc&S. gfcMgA 1 2 O-i 
10 Wfc.2 1 £W^?EJ:oT&£-f SEi;-?, G a NH 
2 5 $£&ttfl£ LTffl^S C 1 1 -ef So 
[0 10 7] ^3©2iS{50!|-m, G a NJi©xk!2*i/ 
■Wl/jSgE/W HV P Efc£ffl<,">TJ&KL/ctf, 

w^sfc-^MfflBE^ji (mocvd) *m^Tt>m 
«4S6**^6ns. sftsssieyett, M g A i 2 o 4 
s«2 1 s i s& z n omm, S i c 

gfe L i G a O2 £fc A 1 2 Os Sfi^*fflV>T 
feUttSrSWA^&nS. 25EMg A 1 2 0 4 2 1 
±KS8-=rX**Jft£Lfc*\ ««2 1 ±EG a Nit* 

[0108] SfcVX* 1 4 i: LT S i 0 2 SrfflVfc 

tfcnEKktis £>©•?«&<, s i Nx §©^t* 

Hl?t>«fct\ 26EVX2 2 4©iH£l O/imtbfc 

**^P>4T.S. *SlSS^JT-«, Xb7^7^<l 1-2 
0>35nSlfcJB)«bfc««, 7r-tr-y h*^fig$nnff, C 

ntHii©73rRi< 1 - 1 00 cn?>©^iR) 

*^«lt/-cft«T-fcie^fi©*#K«}:'), jSAWMK: 
30 •yb«Ji*^fiE^nSig a B B ^©^mi^fc<J;- 3 T^ 

[0109] $rc#mmitmiR±K.mrtv77iB 

Zmifrc&KG aNH©fiEfi^ToTl/->S/ct6. *SH^ 

[0 110] *&»C, ^i^JT-ti. GaNOxW+-> 
■wHiEfilCO^T^/ctf, I n G a NH, A 1 G a N 
M. InNl. GaPg« G a A sm&x.\> ?*i/*A> 

40 nso 

[0111] (^4©*sseu) wmomwrnimK. 

OV>T, 03, 04*#^LTIKB^-rSo 03ttJMWW 

[0 112] 2|t|W]fli, «fitLT (00 0 1) ii 
©A I 2 03 WS.4 1 ±JC 1 MmS*©HJP©G a N 
H4 2«:S6e»^i;*^fi!cbrc^ B iSffi%ffl^fc. 

[0 1 1 3] C©GaNH4 2^ffllcS i O z MZB 
fiEU 7*HJV^57W— Jit^X-y hly^jT? 
so vx? 4 3 fcfiEfi^4 4 CSNiLfc. fiES^4 4 
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ti, 4 nm<DW.@<DMR (03 (a) ) , -tU^3 fim 

oy^m®. ®3 (b) ) , toUTisiimmmAk 

(03 (c) ) ©3Siii:&£VX*£*-*mxffl^ 

[0 114] £j£l/fcj££ffi«4 4tilfi!cg-r5G a NH 
4 50:, I I l8^{CMJ*^;l/#y>>A (TMG 
a) MfhV**J\>7A'S.-Vl* (TMA 1) fcVg&H 
»K7>*-7 (NHs ) 1i7,*m^%mW&m{\& 

[oils] ®4im3<Dfm!m.*&&LrcS&±K 
mai&s&m^x 1 1 i-vift^mtiw 

-f£I;g©flP§0T'&3o »K4 1 £W®£JS{t;£%« 
fflfiSc^glC-fe -y h U *iii#X i: N Ha J3X*m£i 

L%&t> i o 5 ox.(ojmummffi&z>o ®.wm& 

X'W&U NHs ift»5 0 00cc/*9#-?10#g 
ftm-TSCfct?, figgffi«4 4lCGaNK4 5© {1 
-10 1} Hfr£>fcS77-fe>y MS>g£fi£g£-efc (0 
4 (a) ) „ 

[0 116] 3 0^HS*xtf^*->^;l/figS 

*HiW\ V7.^4 3*S3$T-GaNg4 5<D7r-tr-y 
M«fi*58M:#fe (04 (b) ) . 

[0 117] xtr**s/-t;W«R*8»t*cfcfcJ:5G 
aN!4 5(D7T-b-yh^jg^fflJ6jX* (04 

(c) ) , ffl&fityctt, 1 2BSig©/£gT'l OOjimg 
ft©¥ffi&S®*Wf £G a NK4 5 (0 
4 (d) ) o 

[0 118] 3WBtmWlMlimc.jmL1tGaN 
M4 5& fiEftfiigS<D^{Cj:P,-r¥m«®*W5) 
ft. •9-7r-i'7Sffi4 llc^-y^tfAoTV^cfc 

«, =Mim. *«ktfl©Btto3awifcbfe««, vx* 

[0 119] *Slil^JT*fi!t«LfcGaNMtt^R5A^ 
C©±fcl/— If, FE1\ fccfctfHBT&if 
©KffiSfcT^WXflliS&jag-rsct-e, r^VX® 

[0 12 0] «5fctf77*7»64 l^mMEtcJ:? 
TI*£"*-*CfcT», GaNM4 5*«S*mfcLTffl^ 

[0 12 1] ft4©SHS|{?ljT*«\ GaNl©xW-> 
■fr^gicyvf K^f V V P Efc*rffll/>TJ&»Lfctf, 
fflStiOTt£«MttBaffl£ (MOCVD) *ffll>TfeH 

tterjasA^i&ns. s/ca i 2 o 3 ws.a 

tct>\ sim z n om S l CSS, L i G a 0 

jR*W6h*. «6KA la Oa 8K4 1±fdWI0 
GaNl4 2*&e>:t)>i;i6J&£Lfab\ »S4 l±»qt 
Bn?x**flMLTt><}:<,\> 



[0 1 2 2] £fcTX£4 3i:LTS i O2 

A^cnKffi5nsfe©T'«%<, siNx !?©*&$$; 

H-C'fe<k(,">„ 

[0 12 3] tfcGaN«Oxt!^>+;l/^»cov^ 
&"<fett. InGaNJI, AlGaNE InNE G 
a PK&SVHiG a A sJg£xe**-;/-wl/j&gl,T i &> 
ra*frJB*ftW6n5. SSKdaWSI I I-Vit 

[0124] (Ms <o$mm *mmm 5 ©summc 

10 o^T, 05*#IgLTittWr*. 

[0 1 2 5] Sfi5 llcfi, 1 /im©JSJP©GaNK5 
2rfflM£n7c (0 0 0 1) ffi©1f77^7*S5 l£ 

[0126] c©s«5 1 Affiles i 02 m&m 

U 7*hUV^77^-Sfc7x>y hx-y^y^T-ft 
1 ©VX* 5 3 fcft 1 ©Jgg1iig5 4 fc»*l,fc. ft 1 

<D&&mm54^ fe«fco*fti<0Tx^5 3«, *-tvrn 

7%(p]{i, <1 l-2 0>£Lfc (05 (a) ) 0 
20 [0 1 2 7] ftl©/£gffiig5 4tCfiggf;s,fti©Ga 

n^s 5 a, jhBDgttffl i tutgic 1 1 1 name's 

V 7 A (Ga) W&fbkiii (HC 1) OSJfi*feJ«»ri?« 
*Wb&'J*A (GaC 1) i: V«aBBfcr>ex7 
(NHs ) tfXfcfflV^/WK^KVPEiSSrffl^ 
fc> S«5 1 Sr/vf FyJ KOjSftggK-fe'y h L % 7j< 

mmw%x*f£gi@& iooo icic^ig-rs,, 6 5 0 t© 
ra*A^»fi5 i*NH 3 ^xs?H«fr^ 0 ggsa 

S*^SLT*^, H C 1 ffiMlt 1 0 c c/«#T'08& 
U NHs 9»4 0 00c c/«#T-6 0#li8©/«g 

30 t\ mi<D$mmT-fflWLrz%ii<D ( a ) ( e ) © 

J«ftIg£llT\ ft 1 ©VX* 5 3 -ZiBb&kmm 1 © 
GaN^5 5^fi!rrS (05 (b) ) . ftl©GaN 
m 5 5 ^^fi)^, NHs #X!?BMT*&ig$ Tftfll U 

[0 12 8] mz. GaNl5 5±lCgD*S i 0 2 H 
^^b, ft 2 ©Jfig^« 5 6 fcft 2 ©^?X * 5 7 

fitrs 0 *-tven©x h^-rTflitt, 2/xm, *3j:r/s 

(imf$!)> Xh5^773lRia<l l-2 0>tbfe 
(05 (c) ) . C©Sffi5 l±t, Btf, ftl©IISg 
40 flraiWlLfcHI 1 © (a) (e) ©^gXS^S 
T, ft 2 ©TX^5 7%mib&^ IS&Zl 5 0/zm© 
S2CGaNl58 %*fi*«¥aft LfcSffi*8fc 
(05 (d) ) „ 

[0 12 9] figgL/cft2©G a NH5 8©^Ri^»fB 
2HWflW»*l"eBP<fctt!Rs KPfitfl 0 5 cm 2 « 
Tfc*Sii)T / >^-' 1 t.©Tfeo/'Co CCT'lt 2S^©^ 

[0 13 0] ft5©§?8S0IJT*«, G a N^©xif^4'> 
so i>;l/j£S(;:/W KV P E&fcffil/TJ&aLfcft*, 
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^msmit^uffifiimm (mocvd) izm^r^m 

ttftJftftSWSti*. SftA la o 3 MR 5 1«BV* 
fc>ft S i ISfc Z nOli, S i Cg&. LiGaO 

2 mMgAu 04 sfivs^T^nwuh 

*\ SSLJifcG aN!5 2 WSSS 1 

*5 3*d»LTfcJ:l#\i 

[0 13 1] SfeTX^S 3hLTS i O2 tfflV^ft 

^^>^;l/j«fiK:ov^TiS^te*\ InGaNl, Al 
GaNP, I nNR G a PHfeSl^ttG a A sl*x 

[0 13 2] *^®ftXMI'?ttG a N&O III- 

[0 13 3] (%6<D%ft0!D *^WO^6C0§l»K 
o^T, H6««»LTWSW"*o B6tt*5WK)xfc! 
^^t;«g^GaNl«StCil\ S&fctOG 

a Nfli±tCG a Nj&m»i^ir*mfrzjMmm 

[0 13 4] H6^-rSS6 1 £14, 1 /inKD^JPO 
G a NJ»6 2 jW&SSnfc (0 0 0 1) ffi(0*7r-f7 
SIS 6 1 *JBl\fc 0 1 SffiK S i Oz H*^ 

>f -ttfc #Xy hX>y ^> 1 6 3 fc^ 1 

tf^l<DVX*6 3«:, ^nfn5/im, 3o£tf2/im 

oxhv-r^KfcLfco xb^-r^sr^ <i 1-2 

0>#fi*>ei 0*»*T»*Lfe (06 (a) ) . 

co 1 3 5] a 1 <omsme 4 1 <dg a 
njs6 stt, ±m<D$mmi tvmc 1 1 \fflm\cx 

(Ga) £iffibkig (HC 1) <0&St&jmv3& 

zmtawi* (Gaci) tvmmfoTy^-r 

(NH3 ) #X*ffl^S;WF^FVPE£*ffl^ 
fee »S6 1 */vr FOtfftfflBc-fey h U 7* 
XSHjKTdtffiBfi 1 0 0 OXXHi&f £ 0 6 5 0^(0 

ias^ssfis i*NH 3 ^x»H»c*r^o /fcgsa 

m&LTfrt>. HC lfiffl*4 0 c c/^tWS 

u NH3 jniooocc/a», fej:tf^> 

(SiH 4 ) ffiMO. 0 1cc/«»tl5 0»HO 
/£gT\ »l<a*SWJ7?KMLfeHlO (a) 
(e) <0«ftIse*ttT, ^ 1 OVX^ 6 3*if&&A, 



/aW»2 0 0^m©«lOGaNK6 5*}gfiW-S (0 
5 (b) ) Q »10GaNM6 5«B«tfc NHa # 

aN!6 5(t ng/T\ 1 x 1 0 18 cm- 3 «±^t 'J 
7iigT-feofc> 

[0 13 6] G a NIMM^l^lfWBfiOfWJC 

tt, W1&^{fc¥»fgj£g£ (MOVPE) fc/H^Ttt 
KLfto GaNl6 5»«, MOCVDg»C-fey 
h U **»H«^tiK«JSS 1 0 5 0TC«?i&r*o 6 

io SOrtOJBSsb^NHs ifxatH»fc , r*o Si** 
JnLfel/imOJ|C*C>nl!GaNJi6 6, S i **jtaL 
fcO. 4/im<OJP*<Dni!A laisGaassN^^yh 
H6 7, Si*S3taUft0. 1 nm<DmZ<DnmGaN 
frames, 2. 5nm0JP«07VH-\/I n 
o.2Gaa sNKT#PMt 5 n m<DBZ<DT > K— ^ I 
no.osGaa95N|»a)B*6*«l 0JSJ$J<D^M?# 
F«)SSffil6 9. V9*i/*JU (Mg) «fitabfe2 
0 nmiDi^plA 1 0.2G ao.sNi7 0s Mg** 
ftJbftO. 1 pmOJP2<DpSGaN}fctf-f FH7 K 

20 Mg*iStaLfc0. 4 fim<0^<Dpmk lo.isGa 
assN^y FJf 7 2, Mg**taLfc0. 5/imOf 
^ P SGaN^^M7 3*«O0grtLU— »f- 
«BS*fWLfe. pS©GaNny^M7 3WfiE 

Lit**, h n 3 *x»H»?ffiasT*?aai u $s 

SgctD^Dttif (06 (c) ) o 2. 5nmOJPS<0 
7>F-yi no. 2 Gao. 8 Nifttpii:5nmOI^ 
<D7VF— 71 no.osGao.95N|»aHA^ftS*fia 
^FTOKSttJi 6 9 tt, 7 8 0 TC<CfitfrWKl« Lft. 
[0 13 7] l^-1fH»B«BrtU^77^7 
30 ««6l*BHWIc-b^FU f7r^7iS6K G 
aN16 2, SiOz VX^>6 3. *5j:0*GaN^6 
5O5 0/imW«LTGaNI»6 5*BtB*-e:So 
LfcGaNJB6 5Bfctt, W(Ti) -7;b^ (A 
1) Ona»B7 4«B*U p^OGaNS73±lC 
ttxy^r;!/ (Ni)-^ (Au) Op^€S7 5*ffM 

■r* ®e (d) ) o 

[0138] m6£*?i—*fmmTH^ ms\c nmm 

«W«**tlT*0, «*©*dlcF5>fxy^vjf» 
[0 13 9] *ft, V77<{7tGaNX&m#i£lim 

[0 14 0] cntc^L. 4^^j^yt«A^K^>% 

y-CTmfo^Xtttmttffi&LT&G a N 6 5±*c» 
ULftGa N3R*SW*0 U-1fW5fifctt«itta < , $ 
50 fc G a NB 6 5 ±<D U-1fWBfitt^#BBJc J: 0 ^ 
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[0 14 1] :fc§IS&0IJT*y\ GaN!6 5±CU— tf- 

«Besaai/T*»6, ^r-frifisu g aNi6 

2, S i 0 2 ^X*6 3«:Sffitfc*V U— «fH8jg£ 
fWr*IOK-9-7r^7a«6 K GaNi62, Si 
Oz •7X^6 3^5f^LTt>|5l«l^^#e.n5. 
[0 1 4 2] Sfcv **«Wl*tk 7S«6 
K GaN162, S i Oz VX^6 3<D5F^ 

0- *G a NIS 6 5 O-fiP&W* LT, n WfOWB&lM. L 

aNJf6 6*fctt6 5S*W&l/n3«B*JB*U £ 
[0 14 3] 

[3Pl<D#l3l] W±iWUfcJ:3^ *mR\z£%\ 1 

1- v«EflA«Mi*»^iiMttrtttt, «^fi£sapg-e, 
mttmctv, ai&tzi i i-vaift6«*iwwi 

<o 1 1 i-vtote6mmmm&rsctinis 

[0ffi<DfSm%$$] 

09 1 ] *»H© I 1 I - V^fc^¥*<*<DJ&fc*i£ 

[02] A 1 GaN)&WftS2ttfcMgA lz 0< S 
«±K/W FV P Effifcffll^T. G a NUfcJ&K 

[03] wmc3LV**i/*A^Tsmamm 
[04] ®3coivm. ~Mjm, RxmewMtam 

[05] *jSHO««*tt*2H»t)3gLT«jaLftG 
a N^<O«PS0T-$S„ 



[06] *f«BOj«aeitt*fflt^TJB«L/feG a NM± 

kg a Nj&^wi^Mra^iwsiisowws 
l l ss 

1 2 ssfcjBasftfc 1 1 i-v^t^ti^^ 

13 ii i -vmt^mm&%2*t%f$,mffi® 

1 4 

1 5 xejr*s/t;i/«*ifti i i-vmtswm 

16 iii -vrnt^tmrnyrtv hmm 
2\ (ooo i) mm?T<<{7W& 

2 2 GaNl 
2 3 

2 5 xW+S^/Uj^LftGaNH 

3 1 (111) ®OMgA h 0 4 IS 

3 2 1 finKDG a NH, SfcttA IGaNi 

3 2 iSS±fc«*«nft«fiW« 

3 3 fflS±fc:flg«UfcS i O2 lOYX^ 

20 3 4 x^*^;I/«8LfcGaN^y77i 

3 5 >vf F5>fFVPEffi-C«fiLfcGaNBt 

4 3 7X^7 

4 4 ffflm 

5 1 (0 0 0 1)SW77^7SS 
5 3 glOVX* 

5 4 MlOlftSBW 

5 5 fflOGaNJI 

5 6 m2(Df$.m®® 

5 7 S2'(D7X* 
30 5 8 S2(OGaNi 

6 5 nSGaNl 
6 6 nlGaNl 

6 7 n£!A lo.isGaa8sN^7 % y hS 

6 8 nfflGaNJt^FJI 

6 9 1 0JilBO£Sft?#Plgi§«ffli 

7 0 pMA lo.2Gao.8NS 
7 1 pfiGaNJtt^FJi 

7 2 pSA lo.i 5 Gao.8 5 N^5^M 

73 piGaNny^^M 

40 7 4 T i-A KDnSBffi 

7 5 Ni-Au<DpS«ffi 
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